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Necessity of Research on Thirdhand Smoke for Maternal and Child Health
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Dankook University College of Medicine, Seoul , Korea®
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The causal relationship between cigarette smoking during pregnancy and adverse maternal and child health out-
comes, such as preterm birth, low birth weight, and sudden infant death syndrome are well known. In addition,

cigarette compounds are neurotoxic even at extremely

low levels. Thirdhand smoke (THS) is the contamination

that persists after secondhand tobacco smoke has been emitted into air. It refers to the tobacco—related gases
and particles that become embedded in materials such as carpets, walls, furniture, blankets, and toys. THS is not
strictly smoke but chemicals that adhere to surfaces from which they can be released back into the air, undergo
chemical transformations, and/or accumulate. The concept of THS is a relatively new phenomenon in the environ-
mental and public health field. Currently, the hazards of THS are not as well documented as the hazards of se-
condhand smoke. Furthermore, its health effects and biological effects are largely unknown. This review sum-
marizes recent research progress in reproductive toxicology studies that use animal models and in vitro systems,
studies of environmental contamination by THS, human exposure studies, and priorities for further research. Fu-
ture research must be conducted to facilitate hazard identification, and exposure and risk assessment to address
its health effect on susceptible populations, such as pregnant women and children. In addition, policies and laws
concerning tobacco smoke will need to be reviewed and possibly revised with the role of THS considered as an
indispensable component of a broader tobacco control strategy in maternal and child health.

Key Words: maternal health, child health, smoke, tobacco smoke pollution

AAAZE FFL, A& T MR 12 17
deld) ALPL eelat

AsAF: 02-2000-7120, W25 02-2278-4574
E-mail: hanjungyeol055@gmail. com

Haedah 2018 19 4, AAdAk 20183 1Y 229
AANSFAL=}: 2018 19 23

Copyright © 2018 by The Korean Society of Maternal and Child
Health

)
)
4

A

o]

Fdoll B3 Ui A4 AA =) B
317} 91t (Wellmann, 1964). 53],
A E5FsE AR ATl Ak
of eJate] PoFEdrte gy} HaH
e BAREH SToA] wlg-
t}(Mohlman et al., 2016). ©]2]3t ¥4
FEAR Bl 5ol AT

& doyle A 28 Aoetate #d 5

=

M
o,
12
oo 1o

jics
2
ofN

=2 ot
Ao,

2l

o2 4y
i
2
Iy
3
i
I3

x
il
r2

&

5

> HE L o
o
o
o,

)
N
-

2L
rE
2
el

F

38

v fz%
—F- o ow
flo mo

T
{0,

r,
o,
o I
2 oZ ofN I my L T

o
il

[o:

_0|L
X
o
o
W
AC)
=
ry
%
)
s
)
i
i
_°|L
2
ook
re
Fr
e &L
1o 4

i)
ol
r [
=
)
[
s
R
N
N
r <]
o
fo
T
=
%0,
ful
o
jin
ok

E fo T
|o
ull

https://doi.org/10.21896/iksmch.2018.22.1.7 7



Choe JH - Han JY. Necessity of Research on Thirdhand Smoke for Maternal and Child Health

o= o]x}&4 (secondhand smoke) ¥} 4+2}5-4 (thirdhand
smoke)©] 3t}
oA FAATE Folnkal F- i whl V1 (R

mainstream smoke, 15~20%) U BHll7} BFEA U.9= 17 ]
(F54, sidestream smoke, 80~85%) 7} thE Al 5&
712 o7k A& welth(Hang et al, 2017). F-HdS
FARTEE, Yad, dAsieAr) 3~5ul @om wekE
9] gHfako] Wt 2006'del v]= JF-7HUS Surgeon Ge-
neral) oA W3 s P& gt RuAE B8 IS
o] g8Ado] FA3kE At Moritsugu, 2007). &AL
g7l 299 7H 2 gqlog, 50714] o] skele wk
4, B8] s, 719 B4 55 Xgste] 4,0000]
7HA] o8] et Eol] £ Slrk(Rothberg, 1998).
u]=r B34 (Public Health Service) 2] S0l w2 1965~
2014 713F F2k AR EA T} 221 FAel sl we Ao
2 ok 660015t o] 7] APgataitial H stk (Alberg
et al, 2014). AFFAS & 2, HET, e AHAS F
H, 3% B, FEARES, W s At a8 ¢

= HL/\(E.% 02137]_]7_ o] JEA L wE= DA gl 38

mﬁ —(N

oot

o xR

AR
How 600% ‘%M Z7APEAL ARtk B s Stk
(Oberg et al., 2011).

AAEFAS FHT A N2 AEE B 2l feEE
=Zof theh A57F R E T g AV FekA ¢
FedlE v AR Bl falEds Sshe 2s 9|
ste}. 2009 Winickoffe] 7237} y7-8Ek 2ol 7|43}
EJHA] AR A 9IRS dorH thse] BAlS HY] AR
CH(Winickoff et al., 2009). Fa2] FAk=S 217]9} S,
7 7HA et} &17] 9JelE YAt FHEE FAkEo] ¢

el g =4 24o] FAA %, I Tl &
of olrh. FA EE % F AUR o FdAte] £,
5wz ol A8 8l Eo] 3 S| s
ERIA F7E 4 3, Al 7= s FY=AY

ioﬁ

o{c

Table 1, Main Differences between Secondhand and Thirdhand Smoke

o5, ti?i} viet, ALY 7l sl F3 kA |k Ak
4RsZE WhEFE remain (F)-react (HF
$) —re—emit (A=) —resuspend (ZHH%)E TAEH,
ZF G e dde S AA F 2 AP H &
}717E 59t 29 EHo] Hﬂga oATHMatt et al,

. 2017). o9} o] AAFAL o|AFF
of AIZH Q47 }}‘_%E]O%OV] o]l ‘aged secondhand smoke’
2% 9k v 2AAHSYFHATAY ATt w=
A Al JsiA 50F] de A 1=l 18
W FHell A= 71l Qe Aol ZRa 3l
=450] Al s EAeE L9=4d vk
& el A oE Qe Aol Y E
olt}ar 3}tH(Sleiman et al., 2010). AV EHo] Z2kE
FRE F7) 29] o}AA nitrous acid, HONO) 3} Wh$-3}o]
2 5o] YUE=ZAMI (Tobacco—specific Nitrosamines,

TSNA)'S Akt Webio] & BAlolut,

-

3l 7H4

ol

o H
Qo] wZH AZ A A HONOY 3417 Bt %A
75w 399 nitrosamines %7+ 108 o) S7Fek3i 1,

=74 % Nitrosamines ol o|AFFAN = A 2=
1— (N—methyl—N—nitrosamino) —1— (3—pyridinyl) —4 -
butanal (NNA) o] 5% AZH Utk o|<} 3 7=t
Ok L-49] 4—(methylnitrosamino) —1— (3—pyridinyl) —
1-butanone (NNK) ¥} N—nitrosonornicotine (NNN)©] =
AEQITE AT A UFHE & eS| 2= At
(ultrafine particulate, UFP)  T4% 7] <154 (organic
aerosol) & WFEOUlL o= &4 B -5 E8f golak
Aol FE 4 dvkar skgick F-A (PM10, 71E w4
A oF v AR (PM2.5, 718 ZvAIHAD &= Auel] f31E
ok g o & PMI0E 9] A7)0l wEAR PM2.5+=
274 Egeka QI st o g AR dRE ulet A
Ao 7 HAA Hch(Fiordelisi et al., 2017).

&k, Ferrante 5(2013) o|xkgd 3 A& 14
A 2 s Qe (Table 1).

Secondhand smoke

Thirdhand smoke

Exposure Route
Exposure Time Profiles
Features

Repositories -

Inhalation of side— and main—stream smoke
High levels over short intervals
Removal through ventilation

Inhalation, ingestion, and dermal uptake of pollutants
Low levels over long periods
Persistence on indoor surfaces and human envelope
Walls, doors, carpets, upholstery, pillows, curtains,
mattresses, clothes, skin, and hair
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Z|EATA QA T FA ol AFEAS YA Hjol 2
ol frafistrhz 2 ofn] wol &efA Qe flelA A=
A" JAl7] Ft AR AL, ek vk, e S84
T A2E 2dekl, AR olole AL A AT, 9
oA, 2571 Agel A1 fgol o ok B &
A2 ARl A AL o, #J7IE, v HA H A,
A5kl Hg) 2 AFEES 2 3714 A8E oV

E]O
>,
T
1o
S~
5
e
e
kr
N|
MU S
4z
vl
Jo
By
[l
Jo
:(I)\=l
oX,
Yo
Lok
Gl

| AT
gfo} 2l JFofellAl FalE 2oz FgErh Ak o] e
T FAY dFEAE0] 53] Y oA Ak A7
=/d (neurotoxicity) & sk 202 4& Q7] wizel
g7l EAlRE & 4 Atk (Winickoff et al., 2009).
AAREAL i A @A olF e S0
Ao AFuo] Udek vt A ol HeE A
of HlalA] & 5 B Gl AAbEedo] Qalyel WA=
J ol st A= WA otk ool ARR= AR st
ATEe LEsP] AAEAY AESHA falavel 117l
e G gt A8t SASE sty EAEAS
918t Ao Aol sl Fobr At gk
= B

A=) DNAC] gk fraf gt Maks Seohe s

AR EAN ol AHEe] O3 Fus o] W] 7]

AR EAE FA|9A 7]+ (International Agency for Re-
search on Cancer, IARC) 9} v]= =5AJATF 2T
(National Toxicology Program, NTP) || ¢J3| 5% =<1
o] ¢l (mutagens) 7 2eH (carcinogens) < X3t T
=4 ES Egeta ok Ty opH 7] kgL
%

e
FaA Bl QoA Fos fASH B ATE BA

2L 1o 1o

o
lo
>,\1

lo] Feltt.,

o

Berkeley National Laboratory) 9} 82| Eujo}tlstn At

A2~ F78H 2 (University of California, San Francisco) ¢4

L)
™
fo
)
o
12
td
N
B
s
[
flo
ﬁ
o
o
X
ol
5
5
4
1o
=S
to
o

= g 7] F5, FEflow rate), Az 714, A 241 5
= 28T 7 Qe APAS 230 Folu A=l Hujdd7]
5 wE3AA AL AIRE TEoUaL Stk o)E ARE o
AAZepE e - e F BAHS FElA 5919 B84
Q1 F A A (tracer, 574 =49 =24, ety 22 BEdH4
As< A7 H3ll 71e0] e SoldE 2 =) e
A=A A (biomarker, 318 4ol st A =%, 9k 2
/\

Aol gk AslehA A1 ®) 9 YaEl, FE, gl S =
o], TSNA ¥ TSNA tiAkE & 738kl glek. A7
o] 017 Mg FAEA el Hat AE 27lshd vy
7} 2t

1) DNA ©]57} AeH(DNA strand breaks) %

2013\l Q1A AlEF=A ARES] 54 7ol
et A4} 25 B ctH(Hang et al., 2013). DNA
9] o)]&7} Ak (Double—strand break, DSB)-& DNAS] ©]
% WA 2571 9 9] wiizel] 78 XA FEje] DNA

NAZFEE] o) &5 ER1E 4= 3lSitt 53]
A|E2Q1 Zo] ©Y| wmZol| HlEA T

ke, FH T ARSI wEE QAAEAdT A ET (BEAS—
2B) ollA] DNA &4 ¥A)2H(y—H2AX, p53BP1) & ©]&-3}
SA% AN % DSBE g1 4 S3lth(Hang et al,
2015). ol o]akgedel =FH § PAJH DSBY) =9}
Abst A solk oke] ATFES Bl AR dix
ol 1]3|A] DNAS] o]z7tet 4
ole] AHgt B} o)A A ¢rod {4 EPES FUEe

ZA o IS S TheAdel Euhar B gl

B DNASAS

2 g
pr
o
o
Ao
)
X
P
By
QL
¥
vl

2) DNA %13} £ (oxidative damage)

AAFEAC e E QAT A EF (BEAS—2B) ol thal
Al long amplicon—4 ZF5HAMNT-GS o] &8t FA o4 4
FArjakel HPRT (hypoxanthine—guanine phosphoribosyl
transferase) 8 POLB (DNA polymerase B) 2] & 542 el
A 243 =2 A0 DNA ARls B skl o] A+
Azlo| W= AAEALE AE EA (cytotoxicity) & =238t
QRlo] = Qli= DNAS A} 445 op718 7 Qltk= Zlo]
L O1F S ] Ao R FH O] 9 YA E AAREAe
=% T DNA Ats} &40 TS S48 ul 7] Polpst

o)

¢
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B—globin frAAtellA Abs} 449 frojdt 7k Wit

1 B3I tHDhall et al., 2016). ©]¢} 2] in vitro} in

vivod@ellA] ARkl DNS Absh -5 g18t 4= 9l

31, DNA Abs} 48 A= ¢ 22 5dWols fehs
o

Aoz olojd 4 girkaL wa Yk

3) DNA 7}z (adducts) 9] 234

o= DNASE Agtslo] DNA #7he5 Al H=1)
o] F7HEEE Fel et ZAwo] ik of WA F
3 %A Qlth(Hang, 2010). DNA #7HE
FE5AS FoA A wE:E ddEAY e v
AT} WhoF H7bm 5ol A|&A o' Bt HA] kow
DNAEA 390l miscoding .2 Q1A E¢imHo]z o]o

2 4= 9lth(Hecht, 2008; Hecht, 2012). 783t Ho-fiE
2Z 44 3= NNK (4— (methylnitrosamino) —1—(3—
pyridyl) —1—butanone)+= AA] el Ath3t pyridyloxio-
butyl (POB) 7S &3t ofg] 7188 F4ske Ao
2 484 dtt(Lao et al., 2007). POBY-7HE2 SAe]

F Aol A vl ARl vlal] isEE HEEr alﬁ;q A
th(Peterson, 2010). AFA}E4lof| v So]49l 3
NNA (1-(N—methyl—-N—nitrosamino) —1—(3—pyridinyl)
—4—butanal) 2] DNAZ"dof o] disirl= 2 gl ol ¢k
okout H Ae] w2 NNAE At DNAF7HES 84
k= 2oz vtk (Hang et al., 2017).

4) thAK (metabolome) ©1% Z|

T &7 A F AAAET(GC-2, TM—4) o] AHA]1
AAEAY FEdE =EAIEE W AR (metabolome,
Al el S8k ik 4 9 fFolst Waks =
atHXu et al., 2015). AFES] wFolE GC-2HEF ]
A= AFEAEY (viability), AEF7), AZEAFEA apoptosis),
GAAAZ (reactive oxygen species, ROS) AAF ZFEHE]
& tAlel] W3bh Uebtar, TM—44|250f = alaka) oy
ofthatel] frolst Wsbr} WA 3 S5, i
AU oltate] BojEhs a4 FAAte] el Wk} 2
Hrh= 215 wadlh o] 9 o] tiabAlel i A= 4kt

" .

il
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Z,

[e]
7t %% AxEG7y S71EE Q%}‘;it}(lsahl et al., 2016).
8/ o) gl 7] =F Al %1 XH 4 = e

24 7}7<1 E
osh= mEZEgol S ad SIS Fod At B
% 1tH(Schick et al., 2014). o= 2+ %
BIE QASA Aol FallE s
7)ol ol 3k 3713k (Volatile Organic
Compounds; VOCs) &] AZS5AE g4 et gl 7)o
EEAR E oA vkE 353 of2] VOCs & phenol,
acrolein, 2',5'—dimethyl furano] E4Jo] 7+ E2ojgc}
o] EAEE A9 AAEE7IMEMNSC) &) Al g 7ute]
blebbing, A3*¥2] $54 (immotility), 3¥~34] (vacuoliza-
tion), M3 ¥ (fragmentation), P|AZHdA-(microfilament)
9] Atk v]H ¥ (microtubule) 8] S| AWE-S-(depolymeri-
zation) & % ‘S}Oﬂﬁ} 1 FAE 7 EAJo] 733k ac-
rolein- F9] AI7E7]432 (mNSC) 9} VA 2] A 3|3
(hPF) &] AEF7] 24 F3210] s HPAZT sk
9] acrolein AIXE Fo)|, AFsLA e AL F

Atk ol Wiate] 117087 Bt § 538 S2 oA

1>
o
22

VOCs9) 57} WSkt o]t VOCse] 544 A% F eo]
golsto] Tl A3 whgale] e faRAS YUY 5

7ol AAkEie] 27] B4l #ofd Ao ® Azt (Bahl
et al., 2016).

A el B2 7158 skl Qs vEE=gok= A
A A Y FAE LA 2 (fission) # 59 (fu-

sion) & WHEs 423} 2F7FE2] (mitophagy) & Sttt PIE



Frgore] 75 o W A %f’)r o] ol7lell FLst
(Chen et al., 2010; Picard ., 2016; van der Bliek,
2009). HZ AAkEdel =29 H«l NAZ7|AEANA AE
g2 i v EZE ol 253 (stress—induced mitochon-
drial hyperfusion, SIMH) ¢] YElY+= 215 EE3T) o]
A AR Il geli7h Aiste] 27 B 1 o]
nEZEgolr} Al WellA] ol FEje] Rk FAHA=
& 7=t (Bahl et al., 2016). AASA9] wF A w0
Hl#Jslo] SIMH &/~ F7FskaL thao] n|EF o} v 9]
(mitochondrial membrane potential, MMP) ] A3} ATP
WS FAANA AEY 2o thgstea gt T2y ATPY
WA Z7h= AT FAYAAT) Z71E Zalste] nEEER
of @A 9] Abslrt ksl Hol Alxel szt E 4 itk &=
& O] & QA SZAR] A ZF APEE A= kAN o] U
o] 2 vEF Lo} oksskA] ekarl AA3] vk 1L 9l
e YA AlEZF AR mE Y v EE =g o}l
o, w9 A, Te]a AlZEAFE AN apoptosis) 9] %=
o} #E F42=9 sk (down regulation) €Tt 17
SIMHE] F7Rs A8 AE A dAVHoR: & 5 9

o

Akl E e F9] i A= izl vlaiA A
st Algte] B AR, Adee] Algk 24 s} (keratinization)
oF WAl A 229 ZFwr) ekl tH(Martins—Green et al.,
2014). FAMY=eA Wstzs g3t e A vd A
obel d fakEe] o] S7ksklar Al frotad (fibri-
A Al ool MO matrix
metalloproteinase (MMP) 2] A& 421 tissue—inhibitor
metalloproteinase 1 (TIMP 1) 2] W&lo] 7F4E i}t vE
SR A= 2 A 947] wie] —’F% A HR AT =
1S Aarsith —_S;?i_i ?'SH ko] 52 1AIRE of o] 7}

S Ok 457 A7) Wi

llary collagen)©]

12
2o
o
atll
toty
Jiz
)
rr
=
W)
é
OlN
FE
O
rlo

X

HARZ - A BARAS 9 AAEA A7 e

o|t}(Sorensen et al., 2009). 47 S
AT A 3] AYGEFS & 7ol S

re
-1
|
lo
o ol
)
>
>
N
24
o

2) 9

9] HxHo] EAE L R o ® 2 Q*’ A7 24
F oA WG9} thA A2 HFo] B = dF NS
Bt (Martins—Green et al., 2014). ©]9} &7 7+2z27]

oA ot ATl BH7t TEEE A A of
WA F7Y, AW uF, thAAES 3, AdFHAe
AEFRI T7h= 1 st ABEHE 2E dAlsks &
oft}. o]9} o] AAFEAL A7IE o] AlglellA 3 Véﬂorﬁ}
= A8 7hsAo] 5= AAksITh AAEde] mEE A
#HelAle= AAF3HE Fdehs 54 okl SAolx 24

=
o] =& 7o AZE T Azambuja et al., 2005).

ruln 1o

-

A ZA A1) %4 (steatosis, AWF) & FHAA 7=
o g4 1F A A Kol 2 =719 Ak (fat dro-
plet) ¥ &8 ¢ & ez FEHEt(Martins—Green et
al., 2014). 43X (triglyceride) o] #AA3HA S8k T)

Hed e A Tk AL Ak, ke R JAE
T e HIEEFAAAE S e Stk BEst AYUEA]
AW A (low density lipoprotein, LDL) 7} Z7}st1, 14
EA A A (high density lipoprotein, HDL) o] 743}
ok & iAke] wskE Qlei A2l Add X]ﬂﬂr 1=
T WFsA S =Y 7 vk AR =F A et
S oFEol|® 7 &4 7 /do] ok ¢ ;JE]r(Anthony,
1989)

4) t)AH(metabolism)

AR =EE FEolA FEETY o] HEES]
11, 91 WA FAH(Gnsulin resistance tes) ol Tzl
Hjg) el g et gt @ 8401 tHAdhami et
al., 2016; Martins—Green et al., 2014). @573 glu-
cose tolerance test) ®|A & B]S=8E A3} 3H2E Qlc) o)=
7|5 B AHE Ao oladl A d}o) 7]ofg 4= 2}\_]'—_]
SaE wRESHL UIAF S$ (metabolic syndrome) ' #h A3t

T UTe Holeth HE o R EgS Al J=E o
= ol&dY AlE Y7 Z (signaling pathway) o] o3t
AL QS AT Aol E e A1 T,

=
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phosphoinositide 3—kinase, protein kinase B &4 &4
%9 Asl7F B2E 2 Adhami et al., 2016). AlE HFLB]
E5gd el Aol AN d T 2Edo] eI
TAEL o] A 0] 4ks}l AE# A (oxidative stress) & #7]&
Qla) Azl A4 #4138} (lipid peroxidation), THid UE
223} protein nitrosylation), DNAZEAY| 7118k}t Bl
FAFE}A| 91 N—acetyl cysteine®} alpha—tocopherolE ¢
SE ARst AEYA, AE 4, e’ Ade] ST
(Adhami et al., 2016). T3k A+ F218 A|8513S uf 4F
Aol mEsh Hd 18EFI 1JEdETo] oS of
=T} o] 91749 B]H|WH (non—obese) 28 Fx=r )
¢ AR Fefoloh

5) 518 875 (thrombosis)

AR B IREFAS A e dHSe) wle
AT 2 A Qitk Aol =S E Fs A &
] F71e) At ¥ integrin® GPIIb—I11a2] 433}
7F FRAH a2 A9 melE AAEE W SR
WA Z S Karim et al,, 2015). ARFEAT I 2y 73
A3 i 7hss =Y Aow A7,

6) E"’“E(behavior)
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G o] €4 ol AVl e sl ol el
F5o0] P wor] Helo] HolHE W)

e 5 U HojFrh(Hang et al., 2017).

4, ol =EN Y

X b
3 .
Y E% EH
2o
Lm o I
oL 2o
oy 2o
i Elol' ﬂﬂﬂ
g 2
_>‘~L =
RI D
=
Py
O o
ro i
N
ol o
l; ;j.i
>, —
(I
T o=
oi_’,
=2

fm o M
2 I

2 A v ‘ELéT‘ el b)) 2~3‘3H A FEEE A
OLEV% O’T/}(Matt et al., 2004). 7|koZ Ao &
AAE = ik wJajdr]e Hag S Aol
T F&o] & 4= Slth(Hein et al., 1991). ©]
+7] T2 Hag# tEo] wxef] F249 U
TR =2d 5 Sl MA e F2E YR 3577 49
oF 40%7} Fololl Eol Z713F =9 7FsAd Sl
&AL AZEARE ATl

o] &1 Qltk. o] 9} F&sh Aellx] A FAPE AT

T oJARE 2 H|FAALY] ETIetelA SAT YId 42
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